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Performance comparisons of coherent SC/DS-CDMA, MC/DS-CDMA, 
MC-CDMA on down-link broadband radio packet transmission 



Sadayuki Abeta, Hiroyuki Atarashi, Mamoru Sawahashi, and Fumiyuki Adachi 



Wireless Research Laboratories, NTT Mobile Communications Network Inc. 
3-5 Hikari-no-oka, Yokosuka-shi, Kanagawa-ken, 239-8536 Japan 



Abstract This paper compares the down-link performances of several access schemes such as single- 

carrier(SC)/DS-CDMA, multicarrier(MC)/DS-CDMA, and MC-CDMA in a land mobile broadband propaga- 
tion channel for the IMT-2000 phase II. Computer simulation evaluated the packet error rate performance for 
each access scheme. As a result, frequency Rake diversity in MC-CDMA is more effective than time Rake 
diversity in SC/DS-CDMA in broadband environment due to a large amount of multipath interference. We also 
study the throughput defined as the achievable maximum transmission rate to maintain the packet error rate of 
10" 2 considering the guard band for neighboring system and the guard interval of MC-CDMA. The results show 
that MC-CDMA can achieve 1.8-3 times larger throughput than DS-CDMA and 4 sub-carriers MC/DS-CDMA 
achieves larger capacity compared with that of SC/DS-CDMA, when the required guard bandwidth is 1 .5 times 
as large as the sub-carrier bandwidth. 
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u 7£#i/)0-y-:7'*-f U7»ic*fra« 
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<f > H £ CD-aJlzm^^»*-r-5 C £ (cte-S 
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fffai/M^A^lDY^/UT^ (multi-path 
interference : MPI)(Dg?P^'^:$ < 13. V , -f >/^U:* 

ICWLT, MC-CDMA Tli#/\-*£|5]*@T'anl|-r 

K-< >^-/\';H^lCiRS-pTUtll^MPl->flCl 

i*©±iiPlCJ: IJ ii;J$gj(Rakey-</\'-v/^a^ 

liC^lCMC-CDMActDS-CDMAWJrt^^^e*. 
^^TIim^^^LTO<57t«)Rake^/\'- 



/tx^#©f2!ii±^£ft3 (haptens. 09 
ct y , mc-cdma <om : ,&m.^^ /<— s^ajRat/jx 

k ro^ 2 oBttijg SEt&'T - y - t>/j\ 

ffil*««Tfi«teJ&«iEIEUTl**. -77, MC/DS- 
CDMAOigJi^^Uu/ 

<D®m&'bt£WV1tZ?lr* 'J 7»A«ft*gflE* 
^t\t 100/UICLMX^<«:5. Z\(Dtzlt>, 
V7£ 16-lty+^yTTIiBliPlD^ 
ttlC&oTUS. CtllCMUT, 1, 4&tf8f-:/ 
**y7©IH"CIJ1S14*;&«£i;T^*. Ctlfilt 

'J 7T"fo^^M(C#/\'X^^g|URake^^TTA 

ici(omw t> § (* c «t e> < u t 

OS. 

3.2.^;u-y y hit® 
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> ^;uoinm^^ <z>9dBig (D2ii^i ic •=> t \ xmm u 

ti. It C6b\Z MC-CDMA £ DS-CDMA ©itix^fr 

o. 0j:ysii/\'-<p h<7)^jcKt5e>-r, 

•fb-T-SZl- Hgft^li X. -5 iCiitlT DS-CDMA <Dtt 
14 li tulfc IC & < b U T I \ -5 <D IC *J U , MC-CDMA O 

(i$i^>^ lc ^ ^b L X t \ -5 d £ ft Wfr & . cn 

(iDS-CDMATIi/\°^^^gtUTt\-5C0T-, ^-fi-fb 

=i - K»©»#i«*qr icanr mpi ouie^ii 

ia-^-Scoiz^U, MC-CDMA (i 1 OCD/N'^i: LT 
^5oTt^'5^:i^), MPI CDf^#liil^t?-^ro^niC 
©*»W-r*fc»Tft*. MC-CDMA TIS 
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n- H»A«^<«:*t MPi(Di$#^^tN(0-C!j# 
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SC/DS-CDMA, MC/DS-CDMA CD^1:£J:t$£ 
T 239-8536 »^JIimSI$ISrfT5tCOJE 3-5 



± U U > * ffifll 7 * -fe * 7j it IC O I x T , ftttlt Rift W 8 JR * «#f -5 - M IC li . -> > 1- U 7 (SQ/DS- 
CDMAfccfcLN'V^*-^ 'J T(MC)/DS-CDMA»C-Dt\T, 'J — ^ £ LTltSfig->5 — 

•> a >lC<fc DSttA^rs/ h^tJ ^(PER)*ffi»MlCfffiB-rS. S t>»C^-(O^SlC«^)UT, BMSv-^xAtOMf- 

ICI4, SC/DS-CDMA^MC/DS-CDMAcfcU t> A#fc1$1«fe*3**-C tWftfr^fz. UfrUtiW t>V-?* V U 7§fc 
*J <Di£ff?ii : ilE(C*tUT2fg<D;tf- h'/\'> h'*^<glc^:S<t , ¥^V^o =15 [ dB ]^^ p ER=lO- 2 ^;^r4-y-7'+^ 
'J7© MODS-CDMA © ^ JU— 7 V V W, SC/DS-CDMA <D -^tllC *f U T**J 1 .3 <t -5 C i: # o tz . 

-7-K ^p— K/O H/t-iry Msiil, SC/DS-CDMA, MC/DS-CDMA, _hy U >£>,fi— H/\*> H 



Performance comparisons of coherent SC/DS-CDMA, MC/DS-CDMA 



This paper evaluates the performance comparisons of coherent Single-Carrier (SQ/DS-CDMA and Multi-Carrier 
(MC)/DS-CDMA schemes on up-link broadband radio packet transmission. The average packet error rate (PER) of each 
scheme is derived by computer simulation where the number of sub-carriers is used as a parameter. In addition, throughput 
performance is also evaluated considering the guard band between neighboring systems. When the guard band'is not taken 
into consideration, SC/DS-CDMA shows the best performance. However, when the required guard bandwidth is 2 times as 
large as the sub-carrier bandwidth, 4 sub-carriers MC/DS-CDMA achieves 1 .3 times larger throughput compared with that of 
SC/DS-CDMA to maintain the average PER=10" 2 with average EJN 0 = 15[dB]. 



* £ * L 



on up-link broadband radio packet transmission 



Hiroyuki Atarashi, Sadayuki Abeta, Mamoru Sawahashi, and Fumiyuki Adachi 



Wireless Research Laboratories, NTT Mobile Communications Network Inc. 
3-5 Hikari-no-oka, Yokosuka-shi, Kanagawa-ken, 239-8536 Japan 
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broadband packet transmission, SC/DS-CDMA, MC/DS-CDMA, up-link, guard band 
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1. 

;*t$*fti£ij)iifa 73 it (iMT-2000)[i] (ommitifiM 
JUL, -€-0^^7^-ir^^it<»: LT/£^lgEDS- 
CDMA(W-CDMA) 7i it [2],[3] C d 

TIMT-2000Ot>— tiXXlZ, f$mmmT' 144kbps, 
^'rsW&X 384kbps, Jlrt^igT-2MbpsO[)fEill^Jg 

<<>f-*y h<D§£m&mm-f%£, IMT-20001U 

^cD&ifiilfi^-^ATfi, J; y mMvfcmm 

mft&iiziz&mmm.T' 2Mbps mm, mmitm 
mx io-20Mb PS <Dfcmmm$:mmT%ibmw$>2> 

x&w&m-f&mm&fcm, h±x 
i&y ajfrnsA-x hw^T-'-^(Dig§fi<tut) 

xtt&!&mx'$>z>tmx.£>n%. 
jtz\x*mxizz\(Dj:?temfcmmm<D&mm. 

feW 100MHz mm.<Om&1%®.( ZfU- KA> k 
)CDMA/t^T7 heiH^#/t-r^ ! t><D<t U fO) 

±y y assist" ^-fex arse ic^u-dag**?? 

z>. 7n- FA> K©cdma eiH^Hi^-r-Sii 

o, ->>^l/4 i i' 'J 7 (SQ/DS-CDMA 73xt£fflU 

x, /t^s/cy (omtsit'M^T^. ufcWz>x 

Rake/^^/\'-->5 1 lC<t^^^<i:, 

SC/DS-CDMAT'fiiUmwl^fcib 

y 7icj:y cDMAfi^-o3£?ijfEjg*?Te>^';u5 1 

*+• 'J 7(MC)/DS-CDMA^it[4,5]T-fi, It;/*-*' 

y-r A- £ u Tlx y ai f C £ tfi pI 

ISSA, &1&XIZ SC/DS-CDMA £ MC/DS-CDMA 

com^^icout, '7;u5 L +^ y y 
£ y is'tJi'frZcDftmmzfT? ( -y-:?** 

yy^lOii^SC/DS-CDMAlCffi^-T-S)). £ 
K^)Jf AlC«fc-5^W^^t,^/SL 
T, SC/DS-CDMA feet O* MC/DS-CDMA [Z~D I NX, 

2. y^fAtf^ 

2.1 ^sm«s^fi£ 



^M&MT'K y IS e» SC/DS-CDMA J; IS MC/DS- 
CDMA[5] IC3)OTi^^{a^lfiE$:iaTlC^-r. JU 

T<Dtzmx\t, vy^wTWLN^/^t-ft 

U N=l (DmSZ SC/DS-CDMA t UX%LV fRz> 

m Ka) izmmm<Dmi&£i£zfim m izmm^^ 

f h7AW. A-Jry Mz e fcy£ii!£tt'5>1fSg 
-»?1i/Ui, S:fr&frttmttf'l : Tt>tirz'&, QPSK 

y 7SW( ^ l) lc/^CTiS3£?iJ^W^ 

ft, "zn^tMDm&KDikmizN /n M(d/^ □ ^ h 

•5/N°-ir^ S©7U-AtI^g^|5|2|C^-r. MfUffi 

-en^no-y-^+^y^Tifeiftw^ti, n-;u 
tt-s-'ttfcfijy ^Te>ttTit§m#fT;bft3. 

T, ■y-y+i' 'J 1 (SC/DS-CDMA) ©ii^lC, 

Qpsk mm > > TK^Ufifc J: WSifl^©? 
ti^t>$ti-5. cni:«tij, i— tftoi^c— 

x Pc (t-mT c -iT s )cxp[j27r(f 0 +nAf)] 

cct, ^„wii-y-y+-^ yzrcicfijy itbnfc - 
i § S <£>il^y > 7^';b. c t „ ji) itt(D'> > fc*f 

e>ic, / 0 i4«/j\©ffla»o-y-^4-+' y 7^«t 

*y, A/=(Ha)/r|Jiinif^t l J7©Jg 

Bi(c)l:Sflifl3«)iE*St. o.— *fk<D?--<r 0 

AT-I 

r co = (o ® a - t* ) + n(/) (2) 

*-0 

ct^^n-s. cct, T k ^ZD.--^fk<Dm^(Dm 
mm, n( t ) \z^o^n^^xh y , ® lig^ii^ 

<5c<hT', s-y-y+r y z^fig^ic^gt^n-s. 

•5. ccT^-v^;i/fts:{iii4, -y-7 f +^ y 7rt 
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2.2 ^t^^tf;!/ 

* £ ic J; U ^ y zf is- h ( l/r c ) Wd: 3 «> ( c SfB 
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(c) s<gtiMSj$ 

1: MC/DS-CDMAi'XxAtx;!' 

mjjfimmiKD Mm<D/*xwf*i\z, sc/ds-cdma 

feT'lljfiJ 2 tlX Ufc 7;l,f/U IC4B £j§ T Z> ■ tl/ 

^i¥F*3lc??fi-r-5T;U5 1 /\°^ii§iyp 7 7 

UT(£,_ SC/DS-CDMA T'C0^fi?&E£8it<t LT, 
Ti?^^-^— HWMfitT^U (Uniform distribution), 

r , <o mmmm -r -s l m <dj \° x <D&w-t§ s<t 

^^(D^^^Hft^t/dr^H^^^T-VKTri- 
angle distribution), tSJztf 1 OC0/\°^. IZ^^]^*ft4J 
(L= 1) -< >A;Mtf;i/ (Impulse 
distribution) &3?mT ■§>. C1CT, AXPrtGO^/N 0 

xm^iz^m., -o/tji^^jixmzm'h, = 
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(b) »»f&fli/<C**7\rl, 
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##su =&/\°^iio§go/\°^^e>mci[dB]-r 

^ifeU, ^A^CO^PIli, SC/DS-CDMA y 
:7Hlh<!:$5Ul\J§£(T fI ) <t SC/DS-CDMA <7)^ V 
Zffflm<D 5 iglC^UlMi^ (5r ,) *5Wr<5. 

SC/DS-CDMA fccfctfMC/DS-CDMA tf)± U »J > 

7C^:^f. ^^T^U^T-VUi IT, *-ri»l3(a)T' 

)lto£.tfE-&ftl5 : £J : )\,X\Z M=3, L=8, 
^ : E-T : >'UTiiM=3, L=l if-S. dOil^-, Ity 

#8McpsJUTT?fi«*3/t*t!a8-C , #, J-yZf\s- 
h ** 64Mcps -5 SC/DS-CDMA "C 24 

A-*>^fiS©7-f->/fa(i, -y-^*^ 117 sic 
jtcrc^mmizj:v , n-i, 4, 8fcct^i6o-5-n 

■€ r *llC*tUT24. 6, 3fej:LN'3<t Lfe. £t>IC[x] 
3(b) Ttf LfcffiS^flit^UTOH fiffi t>*7 P - £ 

IV $t>IC2.l|?iT'^Ufecfce)lC, n-tf'c'ilcS 



Bandwidth 


80fMHz] 


Information bit rate /?,, 


2[Mbps^se^] 


Number of sub- carriers N r 


1,4, 8, 16 


Processing gain 


32x 2x 0.5 


Packet length 


11)24 [symbols ] 
(A^=960,N =64) 


Rolloff factor a 


0.25 


Data modulation/Spreading 


QPSK/QPSK 


Channel coding/decoding 


Convolutional coding 

(/?= 1/2, A>9)/ Soft decision 

Viterbi decoding 


Channel model 


See Section 2.2 
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)S U T Rake mi ttzZtztb, [Z&m 
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Performance of Coherent RAKE Detection 
using Interpolation on DS/CDMA 

Akihiro HIGASHI Tsutomu TAGUCHI Koji Ohno 



NTT Mobile Communications Network Inc. 

1-2356 Take, Yokosuka-shi, Kanagawa-ken, 238-03 Japan 

Abstract This paper proposes a coherent detection scheme with decision feedback interpolation 

using pilot symbols which are embedded periodically in the transmitted symbols. The proposed 
scheme improves accuracy of estimating the channel transfer function without degrading the 
transmission efficiency and can track the fast varying fading. Computer simulations are performed 
to evaluate the performance of RAKE reception and CDMA capacity under multipath environment. 
This paper shows that the proposed scheme gains 0.5dB as required E^Iq and achieves twice CDMA 
capacity when it is combined with forward error correction. 

'AX key words Mobile Radio, DS/CDMA, Coherent Detection, Decision Feedback, FEC, Viterbi Decoding 
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